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ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 
BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to electro-optical devices and electronic 
apparatuses including such electro-optical devices. In particular, the present invention relates 
to a semi-transmissive reflective electro-optical device including a substrate provided with a 
reflective plate on the inner surface of the substrate. 

2. Description of Related Art 

[0002] An active matrix display device is known as an electro-optical device, such 
as a liquid crystal display device, that includes an electro-optical material, such as liquid 
crystal, disposed between a pair of substrates. In such an active matrix display device, a 
matrix of pixel electrodes is formed on one of the substrates and is energized through thin 
film transistor (TFT) elements for switching the display. In such a display device using TFT 
elements, when light is incident on a channel region of a TFT element, Ught leakage is 
caused. This leads to a display having defects, for example, low contrast and flicker. 
Japanese Unexamined Patent Apphcation Publication No. 2000-298290, for example, 
discloses a technique that prevents light from entering the channel regions of the TFT 
elements by forming, for example, light-shielding fihns on the light incident surfaces of the 
TFT elements. 

[0003] Another known active matrix display device is a semi-transmissive reflective 
display device in which a reflective plate having openings is formed on an element substrate 
having TFT elements thereon. The reflective plate reflects light incident on an opposing 
substrate to allow reflective display. The semi-transmissive reflective display device also 
allows transmissive display by transmitting through the openings light emitted from a light 
source disposed adjacent to the outer surface of the element substrate. Since the incident Ught 
on the channel regions of the TFT elements generates Ught leakage that deteriorates the 
display quality, the semi-transmissive reflective display device is also provided with a light- 
shielding film adjacent to the Ught incident surfaces of the TFT elements. 
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[0004] In the above-mentioned technique, having the light-shielding film on the 
element substrate for preventing the Ught leakage in the TFT elements, the light-shielding 
film shields the TFT elements from light. To efficiently utilize this light-shielding film to the 
fullest extent, it is desirable for the fibn to have other fiinctions. As disclosed in Japanese 
Unexamined Patent Application Publication No. 09-127497, when the light-shielding film is 
formed only in the TFT regions, the surface of the element substrate between the TFT regions 
and non-TFT regions becomes irregular. The distance between the two substrates thus 
becomes uneven over these regions and leads to uneven retardation values. The structure in 
Japanese Unexamined Patent AppHcation Publication No. 2000-298290, in which a light- 
shielding film is provided on the top surface of the TFT element substrate adjacent to the 
liquid crystal, is not applicable to a semi-transmissive reflective display panel. The structure 
in Japanese Unexamined Patent AppUcation PubUcation No. 07-128658, in which a light- 
shielding film is provided on a source Une, is also not appUcable to the semi-transmissive 
reflective display panel. 

SUMMARY OF THE INVENTION 
[0005] An object of the present invention is to provide a semi-transmissive 
reflective electro-optical device that efficiently utilizes a light-shielding layer that prevents 
entry of light into semiconductor elements, such as TFT elements. Another object of the 
present invention is to prevent various problems caused in the formation of a light-shielding 
layer in the electro-optical device. Another object is to provide an electronic apparatus 
having such an electro-optical device. 

[0006] To solve the above-mentioned problems, an electro-optical device of the 
present invention can include an electro-optical material disposed between an element 
substrate having pixel electrodes and an opposing substrate facing the element substrate. The 
element substrate includes semiconductor elements for driving the pixel electrodes, insulation 
films covering the semiconductor elements, and a reflective plate disposed on the insulation 
films, the reflective plate having openings. The semiconductor element adjacent to the 
element substrate includes a light-shielding layer for shielding the semiconductor elements 
firom incident light, the Ught-shielding layer having openings in substantially the same regions 
as the openings in the reflective plate. 

[0007] In such an electro-optical device, the light-shielding layer that shields the 
semiconductor elements firom incident light has openings which are provided in substantially 
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the same regions as the openings in the reflective plate. Thus, regions with the openings 
function as transmissive regions, whereas regions without the openings function as reflective 
regions. Compared with having the light-shielding layers only in the semiconductor element 
regions, the present invention can prevent imevenness of the distance between two substrates, 
which is caused in the formation of the light-shielding layer. In other words, the light- 
shielding layer is not partially formed in regions having different optical functions so as to 
prevent unevenness of the distance between two substrates caused in the formation of the 
light-shielding layer. Consequently, uniformity of, for example, the retardation values of each 
region is achieved. 

[0008] In the fabrication of the semiconductor elements, after forming the light- 
shielding layer having openings on the substrate, a semiconductor layer is formed on the 
light-shielding layer with the insulation layer there between. If the semiconductor layer is 
annealed with light radiation of, for example, laser beam, the laser radiation may be 
performed from the side remote from the light-shielding layer. Thus, light incident on the 
light-shielding layer not absorbed by the semiconductor layer is reflected by the light- 
shielding layer to efficiently improve laser radiation. This facilitates, for example, the 
crystallization efficiency and also broadens the margin of the radiation energy. 

[0009] Furthermore, compared with having the light-shielding layers only in the 
semiconductor element regions, relatively simple and rough positioning of the openings is 
permissible so as to simplify the patteming process during the formation of the light-shielding 
layer. A full-plate exposure unit, for example, may be used during the formation of the light- 
shielding layer to simplify the fabrication step. The alignment of the opening of the light- 
shielding layer and the opening of the reflective plate is designed to have an accuracy of about 
±1 |j,m. In detail, the opening of the light-shielding layer is desirably formed larger than the 
opening of the reflective plate within the range of 1 |im. 

[0010] In order to solve the problems, an electro-optical device according to another 
aspect of the present invention can include the electro-optical material disposed between the 
element substrate having pixel electrodes and the opposing substrate facing the element 
substrate, the element substrate including a light-shielding layer having openings. 
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semiconductor elements disposed on a first insulation film on the light-shielding layer, a 
second insulation film covering the semiconductor elements, and a reflective plate disposed 
on the second insulation film, the reflective plate having openings in substantially the same 
regions as the openings in the light-shielding layer. Each opening region fimctions as a 
transmissive region for transmitting light fi-om a light source provided near the outer surface 
of the element substrate, the light source being provided distant fi"om the opposing substrate, 
and other non-opening regions fianction as reflective regions. The light-shielding layer 
prevents light emerging fi*om the light source firom entering the semiconductor elements. 

[0011] Because the light-shielding layer is formed in the reflective regions and not 
in the transmissive regions, the light-shielding layer is not partially formed in each region so 
as to prevent unevenness of the distance between two substrates caused in the formation of 
the light-shielding layer. Ih the fabrication of the semiconductor element, after forming the 
light-shielding layer having openings on the substrate, the semiconductor layer is formed on 
the light-shielding layer with the insulation layer therebetween. If the semiconductor layer is 
annealed with light radiation of, for example, laser beam, the laser radiation may be 
performed fi"om the side remote fi-om the light-shielding layer. Thus, light incident on the 
light-shielding layer not absorbed by the semiconductor layer is reflected by the light- 
shielding layer to eflEiciently improve laser radiation. This facilitates, for example, the 
crystallization efficiency. Compared with having the light-shielding layer only in the 
semiconductor element regions, relatively simple and rough positioning of the openings is 
permissible. A full-plate exposure unit, for example, may be used during the formation of the 
light-shielding layer to simplify the fabrication step. 

[0012] In the above electro-optical device, the light-shielding layer of a metallic 
material mainly composed of, for example, either titanium (Ti), tantalum (Ta), tungsten (W), 
molybdenum (Mo), or chromixmi (Cr) may be applied. Unlike the light-shielding layer being 
formed in only the semiconductor regions, the electro-optical device of the present invention 
has the light-shielding layer formed over a larger region of the substrate. Thus, when the 
light-shielding layer is mainly composed of a metallic material, the prevention of, for 
example, static electricity is improved compared with having the light-shielding layer only in 



a region in which the semiconductor element is formed. Accordingly, problems in the 
orientation of the electro-optical material caused by, for example, static electricity is 
prevented to achieve an improved operation of the electro-optical device. Here, the term 
mainly composed of can be referred to as a component v^ith the highest content. 

[0013] Each of the semiconductor element is coupled with a source line and a gate 
line, the source line being covered by the pixel electrode to avoid contact with the opening of 
the light-shielding layer. Li such a case, the source line is usually a light-reflective metallic 
film composed of, for example, aluminum. By having the source line covered by the pixel 
electrode to avoid contact with the opening of the light-shielding layer, undesired light 
reflection in the source line is eliminated, whereby a formation of a black matrix is not 
necessary in the source line region. 

[0014] An electronic apparatus of the present invention includes the above- 
mentioned electro-optical device as, for example, a display unit. By applying the liquid 
crystal device of the present invention, an electronic apparatus with high reliability ^d low 
defect rate is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Fig. 1 is a plan view of a liquid crystal display device of an embodiment 
according to the present invention; 

[0016] Fig. 2 is a sectional view taken along line H-H' of Fig. 1 ; 

[0017] Fig. 3 is an equivalent circuit diagram of the liquid crystal display device of 

Fig. 1; 

[0018] Fig. 4 is an enlarged plan view of a pixel of the hquid crystal display device; 

[0019] Fig. 5 is a sectional view taken along line A- A' of Fig. 4; 

[0020] Fig. 6 is a plan view of a modification of the liquid crystal display device; 

[0021] Fig. 7 is a perspective view of an example of an electronic apparatus 
according to the present invention; 

[0022] Fig. 8 is a perspective view of another example of an electronic apparatus 
according to the present invention; and 
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[0023] Fig. 9 is a perspective view of another example of an electronic apparatus 
according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0024] Embodiments of the present invention will now be described with reference 
to the drawings. 

[0025] Fig. 1 is a plan view of a Hquid crystal display device including Hquid crystal 
as electro-optical material as an embodiment of the electro-optical device according to the 
present invention, viewed from an opposing substrate with relevant components. Fig. 2 is a 
sectional view taken along line H-H' of Fig. 1. 

[0026] Fig. 3 is an equivalent circuit diagram showing types of parts and lines in 
pixels arranged in a matrix in an image display region of the hquid crystal display device. 
Fig. 4 is an enlarged sectional view of the structure of a pixel in the liquid crystal display 
device, shown in plan view. Fig. 5 is a sectional view taken along line A- A' of Fig. 4. 

[0027] In the drawings that will be used for the descriptions below, the parts and 
layers are shown at different scales so that the parts and the layers are illustrated large enough 
to be recognizable in the drawings. 

[0028] Referring to Fig. 1 and Fig. 2, a hquid crystal display device 100 of this 
embodiments can include a TFT-array substrate 10 and an opposing substrate 20 which are 
bonded together by a sealant 52. Liquid crystal 50 is injected to and retained in an area 
surrounded by the sealant 52. The sealant 52 is provided with a hquid-crystal inlet 55 for 
injecting the liquid crystal 50 after the bonding of the TFT-array substrate 10 and the 
opposing substrate 20 in the fabrication process. The liquid-crystal inlet 55 is sealed by a 
sealing piece 54 after the injection of the liquid crystal 50. 

[0029] The inner region surrounded by the sealant 52 is provided with a peripheral 
partition 53 made of shielding material. In the region outside the sealant 52, a data-line 
driving circuit 201 and mounting terminals 202 are formed along a first edge of the TFT-array 
substrate 10. Scanning-line driving circuits 204 are formed along second and third edges 
which are adjacent to the first edge. Lines 205 are formed along the remaining edge, that is, a 
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fourth edge of the TFT-array substrate 10. The lines 205 connect the two scanning-line 
driving circuits 204 provided on opposite sides of the image display region. For electrical 
connection between the TFT-array substrate 10 and the opposing substrate 20, a substrate 
connector 206 is formed in at least one comer of the opposing substrate 20. 

[0030] As an altemative to the data-line driving circuit 201 and the scanning-line 
driving circuits 204 on the TFT-array substrate 10, a tape-automated-bonding (TAB) substrate 
having a large-scale integration (LSI) chip mounted thereon for driving and terminals 
provided in the peripheries of the TFT-array substrate 10 may be electrically and mechanically 
connected with each other via an anisotropic conductive film. In the liquid crystal display 
device 100, a retardation film and a polarizer, not shown in the drawings, are disposed at 
predetermined positions according to the type of hquid crystal 50 used, namely, a twisted 
nematic (TN) type or a super-twisted nematic (STN) type, or according to the driving mode, 
namely, a normally white mode or a normally black mode. If the liquid crystal display device 
100 is a color display, each region of the opposing substrate 20 facing the corresponding pixel 
electrode described later of the TFT-array substrate 10 is provided with, for example, red (R), 
green (G), and blue (B) color filters formed together with the protective film. 

[0031] Referring to Fig. 3, in the image display region of the liquid crystal display 
device 100 having the above structure, pixels 100a are arranged in a matrix. Each of the 
pixels 100a has a semiconductor element for pixel switching, that is, a thin film transistor 
(TFT) 30. Data lines 6a that supply pixel signals SI, S2, Sn are electrically connected to 
the sources of the TFTs 30. The pixel signals SI, S2, Sn written onto the data lines 6a may 
be supplied sequentially in this order, or may be supplied to groups of adjacent data lines 6a. 
Gates of the TFTs 30 are electrically connected to scanning lines 3a. Pulsed scanning signals 
Gl, G2, Gm are applied in this order to the scanning lines 3a at a predetermined timing. 

[0032] Pixel electrodes 9 are electrically coupled to drains of the TFTs 30. By 
setting the TFTs 30, which are switching elements, in an ON mode for a certain period of 
time, the pixel signals SI, S2, Sn supplied fi-om the data lines 6a are written onto the 
pixels at a predetermined timing. The pixel signals SI, S2, Sn of the predetermined level 
written onto the liquid crystal 50 via the pixel electrodes 9 are stored between the pixel 
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electrodes 9 and opposing electrodes 21 of the opposing substrate 20 in Fig. 2 for a certain 
period of time. To prevent the pixel signals SI, S2, Sn from leaking, a storage capacitor 
60 can be provided in parallel with a liquid crystal capacitor formed betv^een each pixel 
electrode 9 and the opposing electrode 21 . For example, the storage capacitor 60 stores the 
voltage of the pixel electrode 9 for a period of several hundreds times the appUcation time of 
the source voltage. This improves the storing properties of the electric charge to achieve a 
liquid crystal display device 100 with a high contrast ratio. 

[0033] Fig. 4 is a schematic plan view of a pixel region which includes one of the 
pixel electrodes 9 of the Uquid crystal display device 100. As indicated with a dashed line, 
the pixel electrode 9 covers the entire pixel region surrounded by the data lines 6a and the 
scanning lines 3 a such that the four edges of the pixel electrode 9 overlap with the data lines 
6a and the scanning lines 3a. In each pixel, a reflective plate 14 is formed under (adjacent to 
a glass substrate 10* in Fig. 5) the pixel electrode 9. The reflective plate 14 has predetermined 
openings 14a which serve as transmissive display regions, whereas non-opening regions 
function as reflective display regions. 

[0034] Fig. 5 is an enlarged schematic view taken along line A- A' of Fig. 4. The 
liquid crystal display device 100 of this embodiment includes the TFT-array substrate 10 and 
the opposing substrate 20 holding the liquid crystal 50 therebetween. At the side of the Uquid 
crystal 50 remote from the TFT-array substrate 10, a light source (not shown in the drawing) 
is provided that emits light for transmissive display. Natural light, such as sunlight or 
illuminating light incident on the side of the liquid crystal 50 remote from the opposing 
substrate 20 is used for reflective display. 

[0035] The TFT-array substrate 10 composed of the glass substrate 10' as the main 
component can include the reflective plate 14 formed of a metallic reflective film mainly 
including aluminum (Al), and transparent electrodes mainly including indium tinoxide (ITO) 
to form a matrix of pixel electrodes 9 in plan view (see Fig. 4). Each of the pixel electrodes 9 
is electrically connected with the TFT 30 (see Fig. 4) for pixel switching. As shown in Fig. 4, 
the data lines 6a, the scanning lines 3 a, and a capacitor line 3b are formed substantially along 
the vertical and horizontal borders of the region occupied by the pixel electrode 9. The TFT 



9 

30 is coimected with the data lines 6a and the scanning lines 3a. In other words, each data 
line 6a is electrically connected with a high-density source region of the TFT 30 via a contact 
hole 8. The pixel electrode 9 is electrically connected with a high-density drain region of the 
TFT 30 via a contact hole 15 and a drain electrode 6b. 

[0036] The reflective plate 14 is formed under the pixel electrode 9 (adjacent to the 
glass substrate 10'). The reflective plate 14 is not formed in the drain electrode 6b region so 
that the pixel electrode 9 and the drain electrode 6b can be connected. On the other hand, the 
reflective plate 14 may be formed over the pixel electrode 9. In such a case, when the 
reflective plate 14 of aluminum (or an aluminum metal alloy) is formed, the contact between 
the pixel electrode 9 and the reflective plate 14 is surely achieved by providing a barrier metal 
(such as Mo) therebetween. The top surface of the pixel electrode 9 has an alignment fihn 
(not shown in the drawing) formed by rubbing a film mainly composed of polyimide. 

[0037] In the opposing substrate 20, a black matrix 23 can be formed on the inner 
surface of the glass substrate 20' in regions that face the regions within the vertical and 
horizontal borders of the pixel electrodes 9 on the TFT-array substrate 10. The opposing 
electrode 21 composed of an ITO film is formed on the inner surface of the black matrix 23. 
Furthermore, the inner surface of the opposing electrode 21 has an alignment fihn (not shown 
in the drawing) formed by rubbing a film mainly composed of polyimide. The TFT-array 
substrate 10 and the opposing substrate 20 are bonded together with the sealant 52 (see Fig. 
1). The liquid crystal 50 is injected and retained in the area surrounded by the sealant 52. 

[0038] The structure of the TFT-array substrate 10 will now be described. The 
TFT-array substrate 10 includes an insulation film 19 mainly composed of silicon dioxide 
(Si02) on the glass substrate 10', and a Ught-shielding layer 13 mainly composed of either 
titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), or chromium (Cr) on the 
insulation film 19, The light-shielding layer 13 is provided with openings 13a which 
correspond to the openings 14a of the reflective plate 14. In other words, the openings 13a 
correspond to the transmissive display regions, whereas the light-shielding layer 13 
corresponds to the reflective display regions. As shown in Fig. 4, the alignment of one of the 
openings 13a of the light-shielding layer 13 (shown with a chain double-dashed line) and an 
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opening 14a of the reflective plate 14 (shown with a continuous line) is designed to have an 
accuracy of about ±1 ^im. In detail, the opening 13a of the light-shielding layer 13 is formed 
larger than the opening 14a of the reflective plate 14 within a range of 1 |am. The insulation 
film 19 between the Ught-shielding layer 13 and the glass substrate 10' protects the glass 
substrate 10' from damage caused by the photoUthography process of patteming onto the 
Ught-shielding layer 13, and prevents deposits from adhering on the glass substrate 10'. 

[0039] The TFTs 30 are formed on an insulation film 16 having a thickness of about 
500 nm on the Ught-shielding layer 13. Because the TFTs 30 are formed on the light- 
shielding layer 13, the TFT 30 are protected from light emitted from the light source adjacent 
to the glass substrate 10'. For example, Ught leakage does not occur in the channel regions of 
the TFTs 30. An insulation fihn 17 and an insulation film 18 having an irregular surface are 
also formed on the TFTs 30. The reflective plate 14 and the pixel electrodes 9 are formed on 
the insulation fihn 18. The reflective plate 14 has an irregular surface which corresponds to 
that of the insulation film 18. Accordingly, light reflected by the reflective plate 14 is 
scattered to widen the viewing angle of the reflective display, thereby improving the display 
quality. 

[0040] In the Uquid crystal display device 100 of this embodiment, the TFTs 30 may 
be formed by, for example, a low-temperature process. In such a case, an amorphous 
semiconductor layer is formed over the glass substrate 10', and the layer is processed with 
laser radiation to crystallize it. In such a crystallization process by laser radiation, the 
crystallinity is efficiently improved by the laser radiation on the amorphous semiconductor 
layer from the side distant from the glass substrate 10'. This is because the laser beam not 
absorbed by the amorphous semiconductor layer is reflected by the Ught-shielding layer 13 
and is re-radiated onto the amorphous semiconductor layer. In this case, the light-shielding 
layer 13 is formed not only over the TFT 30 regions, but also in the reflective display regions, 
thereby efficiently improving the reflection of the laser beam. 

[0041] The Ught-shielding layer 13 is mainly composed of, for example, titanium 
(Ti) and is formed substantially over the entire reflective display regions. Accordingly, 
compared with having the light-shielding layers 13 only in the TFT 30 regions, prevention of. 
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for example, static electricity is effectively improved. Thus, problems in the orientation of 
the Uquid crystal 50 caused by, for example, static electricity is prevented to achieve a further 
improved operation of the liquid crystal display device 100. 

[0042] A fabrication process of the Uquid crystal display device 100 will now be 
described with reference to Fig. 5. Here, the fabrication process will be described particularly 
with reference to the formation steps of the TFTs 30. The insulation film 19 is first formed 
on the glass substrate 10' (first insulation layer formation step), and the light-shielding layer 
13 mainly composed of, for example, titanium (Ti) is then formed over the entire insulation 
layer 19. The openings 13a corresponding to the transmissive display regions, that is, in 
predetermined regions on the light-shielding layer 13, are then formed by photolithography 
(light-shielding layer formation step). 

[0043] The amorphous semiconductor layer is then formed on the insulation film 16 
on the light-shielding layer 13 (amorphous semiconductor layer formation step). The 
amorphous semiconductor layer is crystallized by laser radiation firom the side remote fi"om 
the light-shielding layer 13 (laser radiation step). In such a case, the laser beam not absorbed 
by the amorphous semiconductor layer is reflected by the light-shielding layer 13 to enhance 
the laser radiation effect. 

[0044] The crystallized semiconductor layer is then patterned according to the shape 
of an active layer formed by photolithography. The crystallized semiconductor layer is then 
coated with a gate insulation film 41 so that gate electrodes 3a are formed thereon in a 
predetermined pattern (gate insulation film formation step and gate electrode formation step). 
By masking the gate electrodes 3 a, low-density impurity ions (phosphorus ions) are implanted 
into other regions to form low-density source regions and low-density drain regions for the 
gate electrodes 3a in a self-aligning way. The regions directly below the gate electrodes 3a, 
which is not doped with the impurity ions, fimctions as the channel regions. 

[0045] By forming a resist mask (not shown in the drawings) wider than the gate 
electrodes 3 a, high-density source regions and high-density drain regions are formed by 
implantation of high-density impurity ions (phosphorus ions). An interlayer insulation film 
42 composed of, for example, silicon oxide is deposited on the top surface of the gate 
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electrodes 3a by chemical vapor deposition (CVD). Regions of the interlayer insulation film 
42 corresponding to the high-density source regions and the high-density drain regions are 
then etched to form the contact holes 8 and 15. 

[0046] The entire insulation interlayer 42 is covered by sputtering, with a 
conductive material composed of aluminum, titanium, titanium nitride, tantalum, 
molybdenum, or a metal alloy mainly including one of the above metals, and is patterned by 
photolithography to form source electrodes 6a and drain electrodes 6b having a thickness of 
400 to 800 nm. Accordingly, n-chaimel polycrystalline siUcon TFTs 30 (semiconductor 
elements) are fabricated (p-channel TFTs may be fabricated by implantation of boric ions as 
an impurity). 

[00471 The insulation film 17 and the insulation fihn 18 having an irregular surface 
are then formed by, for example, embossing. The reflective plate 14 having the openings 14a 
with a predetermined pattern is then formed on the insulation film 18. Through-holes are 
formed in the insulation fihns 17 and 18 for connection with the drain electrodes 6b. The 
pixel electrodes 9 connected with the drain electrodes 6b via the through-holes is then formed 
according to a predetermined pixel pattern. 

[0048] On the other hand, the opposing substrate 20 including the black matrix 23 
and the opposing electrodes 21 on the glass substrate 20' is prepared. The opposing substrate 
20 and the TFT-array substrate 10 including the reflective plate 14 and the pixel electrodes 9 
are bonded together with the sealant 52 (see Fig. 1). Liquid crystal 50 is injected into an area 
surrounded by the sealant 52 to form a liquid crystal panel. By providing a predetermined 
polarizer on the outer surface of the liquid crystal panel, the Uquid crystal display device 100 
of this embodiment is completed. 

[0049] If the hquid crystal display device 1 00 is a color display, each region of the 
opposing substrate 20 facing the corresponding pixel electrodes of the TFT-array substrate 10 
is provided with, for example, red (R), green (G), and blue (B) color filters, hi such a case, 
the color filters are disposed between the opposing electrodes 21 and the glass substrate 20', 
or on the side of the opposing electrodes 21 distant from the glass substrate 20'. If the color 
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filters are disposed between the opposing electrodes 21 and the glass substrate 20', a 
protective film may be provided, if required. 

[0050] A modification of the Uquid crystal display device will now be described. 

[0051] Fig. 6, which corresponds to Fig. 4, is a schematic plan view of the Uquid 
crystal display device according to the modification. Among the data lines 6a and the 
scanning lines 3a connected with the TFTs 30, one data line 6a of a metallic conductive fibn 
composed of, for example, aluminum is provided below a pixel electrode 9. hi other words, 
the data line 6a is covered with the pixel electrode 9 to avoid contact with the opening 13a of 
the light-shielding layer 13 (or the opening 14a of the reflective plate 14). 

[0052] Consequently, the data line 6a of metaUic conductive film composed of, for 
example, aluminum is provided below the reflective plate 14 (adjacent to the glass substrate 
10'). Thus, hght is not reflected at the data line 6a. This can eliminate the need for forming, 
for example, the black matrix 23 in the data Une 6a region, hi the Uquid crystal display 
device having the structure shown in Fig. 6, in plan view, the structure of the Ught-shielding 
layer 13 is similar to that of the above-mentioned liquid crystal display device 100 and also 
has similar effects. 

[0053] In this modification, as in the above-mentioned embodiment, the opposing 
substrate 20 may be provided with color filters to be used in a color Uquid crystal display 
device. 

[0054] Examples of electronic apparatuses having the Uquid crystal display device 
according to any one of the above-mentioned embodiments will now be described. 

[0055] Fig. 7 is a perspective view of a ceUular phone. Reference numeral 1000 
indicates a cellular phone body and reference numeral 1001 indicates a Uquid crystal display 
unit which includes the liquid crystal display device of the above-mentioned embodiments. 

[0056] Fig. 8 is a perspective view of a wristwatch electronic apparatus. Referring 
to Fig. 8, reference numeral 1 100 indicates a watch body and reference numeral 1101 
indicates the Uquid crystal display unit which includes the Uquid crystal display device of the 
above embodiments. 
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[0057] Fig. 9 is a perspective view of a portable information processing apparatus, 
such as a word processor or a personal computer. Referring to Fig. 9, reference numeral 1200 
indicates a portable information processing apparatus, reference numeral 1202 indicates an 
input unit such as a keyboard, reference numeral 1204 indicates an information processing 
body, and reference numeral 1206 indicates the liquid crystal display unit which includes the 
liquid crystal display device of the above embodiments. 

[00581 Each of the electronic apparatuses in Figs. 7 to 9 includes one of the hquid 
crystal display devices according to the above embodiments. Hence, these electronic 
apparatuses are highly reliable and have high display quality. 

[0059] As described above, in the electro-optical device of the present invention, a 
Ught-shielding layer that shields semiconductor elements from Ught has openings which are 
formed in substantially the same regions in which openings of a reflective plate are formed. 
Consequently, the regions with the openings are the transmissive regions, whereas the regions 
without the openings are the reflective regions. Compared with having the Ught-shielding 
layer only in the semiconductor element regions, the present invention can prevent 
unevenness of the distance between two substrates caused by the formation of the light- 
shielding layer. 

[0060] While this intervention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications, and variations will 
be apparent to those skilled in the art. Accordingly, preferred embodiments of the invention 
as set forth herein are intended to be illustrative, not limiting. Various changes may be made 
without departing from the spirit and scope of the invention. 



